Introduction/Definitions
Mitral valve prolapse (MVP) results from the systolic movement of portion(s) or segments of the mitral valve leaflets into the left atrium during left ventricular systole [1] [2] [3] [4] [5] [6] . It is well recognized today that a floppy mitral valve (FMV) is the central issue in the MVP-mitral valve regurgitation (MVR) story [2, 7] ( fig. 1 ). The term FMV comes from surgical and pathologic studies and refers to the expansion of the area of the mitral valve leaflets with elongated chordae tendineae, chordae tendineae rupture and often mitral annular dilatation [2, 5, 7] . The prevalence of FMV/MVP as defined above in the general population is 2-3% [2, [8] [9] [10] [11] [12] [13] . It is important to separate studies where the diagnosis was based solely on prolapse of the mitral valve without defining if the mitral valve was 'floppy' or not. It should be noted that MVP may not be a specific finding because it also depends on the left ventricular contractility, left ventricular volume and other ventricular hemodynamics [1, 2] . FMV consists of a heritable heterogeneous group with at least two forms of inheritance. One form is transmitted by an autosomal dominant inheritance with a variable degree of penetration; this form is the most common type. At present 3 gene loci have been reported ( fig. 1 ). There is another less common form which is transmitted with chromosome X [14] [15] [16] [17] [18] . Further, FMV may be isolated or part of a well-recognized [84] . A fourgeneration pedigree of a family with heritable FMV is also shown (pedigree is from Boudoulas and Wooley [ 2] ). The affected proband is indicated by an arrow. Shaded symbols denote family members with FMV/MVP. Circles represent females and squares represent males. Diagonal slashes through symbols denote deceased members. b. = Year born; CHF = congestive heart failure; LA = left atrium; LV = left ventricle; AL = anterior leaflet; PL = posterior leaflet. syndrome of heritable connective tissue disorders such as the Marfan syndrome, Ehlers-Danlos syndrome or polycystic kidney disease [e.g. [19] [20] [21] . Isolated FMV/MVP is also considered a cardiovascular abnormality of connective tissue origin. Due to its frequency in the general population, FMV/MVP constitutes the larger group of patients with heritable connective tissue abnormalities of the heart [1, 2, 22] .
Diagnostic Considerations
The FMV should be the basis for the diagnosis of MVP [1] [2] [3] ( fig. 2 , 3 ). Auscultatory findings and imaging characteristics are directly related to pathology and function of the mitral valve apparatus [2, 3, 5] . Family history provides important information since the FMV/MVP may be inherited and also may be associated with heritable disorders of connective tissue origin (e.g. Marfan syndrome, Ehlers-Danlos syndrome, or polycystic kidney disease) [1, 2, 14, 20, 21] . Skeletal abnormalities such as scoliosis, narrow anteroposterior chest diameter, strait back or pectus excavatum, may be found in FMV/MVP. Patients with FMV/MVP are often thinner than normal, have an arm span greater than body height, and their height/weight ratio exceeds that of normal controls [22] [23] [24] [25] [26] .
Cardiac auscultation provides significant information [27] [28] [29] . The presence of a non-ejection apical systolic click with or without late apical systolic murmur consti-S1 S2 S1 S2 S1 S2 tute the auscultatory criteria for the diagnosis of FMV/ MVP; multiple systolic clicks may be heard. A highpitched mid-to-late apical systolic murmur of mitral regurgitation preceded often by a click, but may occur alone, may also be present. When the posterior leaflet prolapses, the murmur may radiate anteriorly along the left sternal border; when the anterior leaflet prolapses, the murmur may radiate to the axilla and to the spine. The systolic click moves toward the first heart sound with upright posture and the systolic murmur becomes longer and often louder; a systolic murmur may be present only in the upright position. The postural auscultatory changes occurring in patients with FMV/MVP are primarily related to changes in left ventricular volume, myocardial contractility and heart rate ( fig. 3 ). With the progression of disease and when the mitral regurgitation becomes significant, the murmur may become holosystolic and the click may disappear [1, 2, 7, 28, 29] . Echocardiography and Doppler echocardiography is the most widely used and the most useful technique for the diagnostic evaluation and follow-up of patients with FMV/MVP. The echocardiogram will identify the presence and the magnitude of the FMV, the area and the thickness of the mitral leaflets, the mitral annular size, the chordae tendineae length, the severity of mitral regurgitation, pulmonary artery pressure, and its effect on left ventricular and left atrial structure and function. The diagnosis should be based on firm criteria dealing with structural changes and not only on the prolapse, which could be nonspecific [1] [2] [3] [30] [31] [32] [33] [34] . The introduction of three-dimensional echocardiography in clinical practice provides more precise information related to the structure and function of FMV [34] ( fig. 2 ). Doppler and color Doppler echocardiography provide useful information for the definition and quantification of mitral regurgitation. MVP is usually defined as leaflet(s) displacement at least 2 mm above the mitral annulus in the parasternal long axis view. Leaflet thickness ≥ 5 mm is considered abnormal. Echocardiographic criteria of MVP without evidence of mitral valve leaflet thickening require thoughtful analysis [1] [2] [3] . In general, however, the diagnosis of FMV/MVP is reliable when it is based on the auscultatory postural complex with confirmatory echocardiographic and Doppler findings. At times, distinguishing between the normal mitral valve and a mitral valve with minor abnormality may be difficult. In certain cases, repeat examination over several years may be necessary to define FMV/MVP since the disease is progressive.
Magnetic resonance imaging can be used in clinical practice for the diagnostic evaluation of patients with FMV/MVP. The method can be applied for follow-up since it is the most accurate method available today to follow changes in left ventricular size, mass and function, to determine left atrial size and function, and the severity of mitral regurgitation. The thickness of the mitral valve can also be defined [35, 36] ( fig. 2 ) .
The indications for cardiac catheterization have changed with the development of sophisticated imaging techniques. Ventriculography can define the characteristic appearance of the mitral valve including the thickness of the leaflets ( fig. 2 ). In addition, the severity of mitral regurgitation, left atrial size, and left ventricular size and function can be defined. Intracardiac and pulmonary artery pressure measurements provide important information in certain cases. Coronary arteriography is important to perform prior to surgical intervention in most patients with FMV/MVP [1, 2, 5] .
Surgical inspection of the mitral valve at the time of surgery has contributed to the etiology, pathophysiology and imaging principles already mentioned, and provided the basis for new types of in vivo clinical pathophysiological correlates [1, 2] .
A dynamic postmortem examination with inspection of the mitral valve from the left atrium before opening the left ventricle and observation of mitral valve dynamics following ventricular filling has provided postmortem observations that paralleled imaging studies and surgical inspection [8] . The characteristic macroscopic appearance of the FMV is easily recognized [8, 37] ; inspection of the mitral valve from the left atrium allows identification of cusp prolapse. After left ventricular opening, the mitral valve leaflet area and chordae tendineae length or rupture can be defined. The pathology of the FMV differs significantly from the normal mitral valve. The most specific histopathologic characteristics are collagen dissolution and disruption in the pars fibrosa of the mitral valve leaflets. Also, there is a replacement of the dense collagenous fibrosa by loose myxomatous connective tissue [38, 39] . Similar histologic abnormalities have been seen in chordae tendineae. Scanning electron photomicrographs have demonstrated surface folds and focal loss of endothelial cells of mitral valve leaflets, and these surface abnormalities may predispose to thromboembolic complications and infective endocarditis. Continuous pressure and stress due to left ventricular systole on the mitral valve leaflets and chordae tendineae contribute to the gradual progression of these histologic changes [1, 2] .
Classification
FMV/MVP occurs in a heterogeneous group of patients with a wide spectrum of mitral valve involvement and hemodynamic abnormalities from mild to severe. Thus, it is important in each case not only to establish the diagnosis of FMV/MVP, but also to define which abnormalities exist within the spectrum of mitral valve abnormalities and determine their severity [1, 2] . Mitral valves with diffuse thickening are referred to as Barlow's valve, while patients with regional thickening of the mitral valve are referred to as a fibroelastic deficiency valve. At present, it is not clear if these two entities are genetically different or (most likely) represent a different spectrum of the same disease that encompasses a wide spectrum of abnormalities. For this reason, and to avoid confusion, we believe that it is better to define patients with diffuse or regional mitral valve thickening [1] [2] [3] .
Two types of symptoms can be defined in FMV/MVP patients (see FMV/MVP/MVR and FMV/MVP syndrome classification for details related to symptoms). In one group of patients, symptoms, physical findings and natural history are directly related to progressive mitral regurgitation and its complications through their effects on left atrial-left ventricular structure and function, and pulmonary circulation. In the other group of patients, symptoms cannot be explained by the degree of MVR alone; activation of the autonomic nervous systems or neuroendocrine dysfunction has been implicated for the explanation of the symptoms in this group of patients. This group is referred to as the FMV/MVP syndrome [1] [2] [3] [4] [5] ( fig. 4 ) . Progressive mitral regurgitation is related to the various combinations of annular dilatation and elongation or rupture of chordae tendineae; in certain cases, chordae tendineae rupture may lead to acute mitral regurgitation. Patients with thick mitral valve leaflets, mitral systolic murmur, men and those older than 50 years of age are at the highest risk. Progression of mitral regurgitation results in left ventricular dilatation, left atrial enlargement and the development of atrial fibrillation. Left ventricular dilatation may cause papillary muscle displacement, which further exacerbates mitral regurgitation resulting in a vicious cycle. Atrial fibrillation may also increase the severity of mitral regurgitation that improves after restoration of sinus rhythm [1, 2, [41] [42] [43] [44] [45] . When FMV/MVP is part of a recognized heritable connective tissue disorder or when it is associated with other cardiovascular abnormalities, the natural history may mostly be related to the underlying disease rather than FMV/MVP per se [1, 2] .
FMV/MVP/MVR
At present, there are very limited data on the use of pharmacologic agents in an attempt to delay the progression of mitral regurgitation. A study in a small number of patients suggested that therapy with β 1 -adrenergic receptor blockade (Toprol XL) over a 2-year period improved left ventricular function in patients with isolated mitral regurgitation [46] . The usefulness of this therapy in clinical practice remains to be defined. Further, attenuation of transforming growth factor-β (has a fibrotic effect in the pathogenesis of sporadic MVP) signaling by angiotensin II receptor blockers may prove to be effective in modulating the pathological progression of MVP in these patients [4] [5] [6] 47] . Elastic properties of the aorta decrease with age (i.e. the aorta becomes stiffer). Stiffening of the aorta with age may increase the degree of mitral regurgitation and precipitate the natural history of the disease. Determination of aortic function (e.g. pulse wave velocity or dispensability) may help to better define the natural history of FMV/MVP. Since a stiff aorta is associated with systolic arterial hypertension, better control of systolic hypertension, especially with drugs that improve aortic function such as angiotensin-converting enzyme inhibitors or calcium channel blockers, may prove to slow the progression of the disease; however, this remains to be defined [1, 2] .
Infective endocarditis is a complication of FMV/MVP. Antibiotic prophylaxis for infective endocarditis is currently a matter of considerable debate, as well a subject of changing attitudes and recommendations. Patients should be encouraged to maintain the best possible oral hygiene to reduce potential sources of bacterial seeding. While at present guidelines do not recommend prophylaxis for endocarditis in patients with FMV/MVP, it should be noted that the abnormal area of valve leaflets and not the mitral regurgitation per se is responsible of endocarditis [5, 48, 49] .
Thromboembolic complications are another controversial issue. Patients who have had clinical manifestation of retinal, cerebral or peripheral emboli should discontinue oral contraceptives, abstain from cigarette smoking and have a careful cardiovascular and hematological eval- Cardiac arrhythmias appear to be more frequent in patients with FMV/MVP compared to the general population. The same diagnostic and therapeutic approach should be used as in patients without FMV/MVP. Sudden cardiac death in patients with FMV/MVP in the absence of significant mitral regurgitation may occur but is rare. Autopsy studies in patients with FMV/MVP have shown that mitral valve leaflet length and posterior leaflet thickness were greater in hearts from patients who died suddenly compared to patients with FMV/MVP that died from other causes. Patients with FMV/MVP who died suddenly without significant mitral regurgitation tend to be relatively young women. Ventricular fibrillation appears to be the cause of sudden death. β-Blockade therapy may be beneficial in patients with FMV/MVP who were successfully resuscitated from cardiac arrest [1, 2, [52] [53] [54] [55] [56] .
When significant mitral regurgitation is present in a symptomatic patient with FMV/MVP or with a new onset of atrial fibrillation, surgical intervention is recommended. Left ventricular ejection fraction <60% or left ventricular end-systolic diameter >45 mm are also indications for surgery. An exercise tolerance test may be useful to define if patients are truly asymptomatic or if they develop pulmonary hypertension (systolic pressure >60 mm Hg). Studies, however, have shown superior recovery of long-term left ventricular ejection fraction following early mitral valve repair when left ventricular ejection fraction is ≥ 65% or left ventricular systolic diameter is <40 mm. Left ventricular ejection fraction is overestimated in mitral regurgitation because of a significant decrease in afterload and an increase in preload. Left atrial volume and function may also help to define the best time for surgical intervention. Reconstructive surgery is preferable and is feasible in the greater proportion of patients with FMV/MVP. The long-term results from reconstructive surgery are excellent [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] . Mitral valve annular disjunction is a common component of the mitral valve apparatus in advanced stages of FMV/MVP. Its recognition on transesophageal echocardiography is important to facilitate optimal mitral valve repair [59, 64] .
FMV/MVP: Acute MVR
The most common causes of acute mitral regurgitation are chordae tendineae rupture, papillary muscle rupture and infective endocarditis. Distinguishing the three most common types of acute mitral regurgitation based on clinical evaluation is relatively easy [2, 5] . Rupture of chordae tendineae is the most common cause of acute mitral regurgitation in patients with FMV/MVP. In severe acute mitral regurgitation, a large volume of blood is injected into the low pressure left atrium during left ventricular systole. Since there is insufficient time to allow dilatation of the left ventricle and the left atrium, the large regurgitant volume will result in marked elevation in left atrial pressure. Left atrial V-waves ≥ 60 mm Hg is not uncommon. The marked increase in pulmonary venous pressure will result in pulmonary edema. Since the left ventricle is of normal size and a large amount of blood goes into the left atrium during left ventricular systole, the forward stroke volume is markedly decreased. The net result, in addition to pulmonary congestion, is tissue hypoperfusion and shock. The systolic murmur usually peaks in mid-systole and diminishes in intensity before the second heart sound. In cases of posterior chordae tendineae rupture, the murmur may radiate anteriorly to the sternum, while in cases of anterior chordae rupture the murmur may radiate posteriorly to the spine. The sudden appearance of a new systolic murmur associated with dyspnea and tissue hypoperfusion in a middle-aged patient should raise suspicion of acute severe mitral regurgitation. In cases with a known murmur, the patient presents with acute dyspnea. In cases of acute severe mitral regurgitation, emergent surgical intervention is indicated. Patients with less severe mitral regurgitation may progress gradually and may respond to medical management without surgery at least in the acute phase [2, 5] .
FMV/MVP Syndrome
Certain patients with FMV/MVP may have symptoms that cannot be explained on the basis of mitral regurgitation alone. Neuroendocrine and/or autonomic nervous system dysfunction is implicated for the explanation of the symptoms in this group of patients. Whether the FMV/MVP syndrome exists has been often debated in the past. Based on our experience and the experience of others, it is our opinion that certain patients with FMV/MVP have symptoms which cannot be explained by the degree of mitral regurgitation. Symptoms in these patients are common and it is thus difficult to see them as a coincidence. Also, several pathophysiologic mechanisms provide an explanation for these symptoms [70] [71] [72] [73] [74] [75] . The true incidence of symptoms is not known; the incidence may be exaggerated because most of the studies have been conducted in academic medical centers and may reflect selection bias. The most common symptoms include palpitations, orthostatic phenomena (orthostatic tachycardia, hypotension and arrhythmias), syncope or presyncope, fatigue-exercise intolerance, chest pain and dyspnea. The onset of symptoms encompasses a wide age range with a median of approximately 30 years of age. The symptoms may last for years and occasionally may persist after valve surgery [2, 5] .
Pathogenetic Mechanisms
Prolapse of the FMV is a situation in which a redundant mitral valve leaflet(s) prolapses into the left atrium during left ventricular systole. As a result, a number of dynamic events are set in motion. The prolapsing FMV becomes a space-occupying lesion into the left atrium, which results in the development of a third chamber within the border of the mitral valve annulus and the prolapsing mitral valve leaflets [2] ( fig. 6 ). Thus, during left ventricular systole, the left heart consists of three chambers: left ventricle, left atrium and third chamber. Physiologically, the third chamber acts like a left ventricular aneurysm since blood within the space of this chamber does not contribute to the effective stroke volume. There is not enough information today related to the volume of the third chamber. In extreme cases, there may be ≥ 10 ml; however, in the majority of cases, it appears to be 3-5 ml. The degree of prolapse increases in the upright position, which may result in a greater decrease in the effective stroke volume and forward cardiac output. Postural exercise studies from our laboratory have shown that control 77 subjects exercised longer and achieved a greater workload in both the supine and upright positions than FMV/MVP syndrome patients. FMV/MVP syndrome patients consistently exhibited a smaller left ventricular end-diastolic volume and cardiac output in the upright position compared to supine, and this difference was maintained throughout the exercise period. In contrast, control subjects exhibited a fall in the left ventricular end-diastolic volume, but by the time peak exercise was achieved, the upright volumes were quite similar to the supine volumes [76] . These findings may partially explain the orthostatic phenomena, fatigue and exercise intolerance. A decrease in ventricular volume may also stimulate the adrenergic nervous system.
The prolapsing mitral valve results in traction of the papillary muscles ( fig. 7 ) . Papillary muscle traction may result in left ventricular contraction and relaxation abnormalities and activation of stretch receptors. Stretch receptor activation may result in membrane depolarization and cardiac arrhythmias [77] [78] [79] .
The human mitral valve has distinct patterns of innervation. Mechanical stimuli caused by abnormal coaptation of FMV/MVP may cause an abnormal autonomic nerve feedback between the central nervous system and the mitral valve [2, 52] ( fig. 7 ) . Patients with the FMV/ MVP syndrome with normal left ventricular size and function, and normal left atrial size without significant mitral regurgitation and heart failure had higher 24-hour urinary epinephrine and norepinephrine excretion compared to normal controls ( fig. 8 ). In addition, the frequency of premature ventricular beats detected in these patients by ambulatory monitoring paralleled urine catecholamine excretion. Catecholamines and premature ventricular beats decreased significantly during the night; the supine position may also have contributed to a decrease in catecholamines. When 24-hour urine epinephrine and norepinephrine was measured over 3 consecutive days, there was no day-to-day variability in the catecholamine levels [80] .
An increase in the adrenergic tone can be associated with shortening of left ventricular systole. Increased adrenergic tone in patients with the FMV/MVP syndrome prompted a study to determine the response to adrenergic stimulation. During isoproterenol infusion, there were no control subjects who developed symptoms, excluding palpitations. In contrast, isoproterenol infusion at 0.5-2.0 μg/min in patients with the FMV/MVP syndrome reproduced symptoms in a dose-related manner. Symptoms that developed during isoproterenol infusion included chest pain, extreme fatigue, dyspnea, dizziness and panic attacks after infusion. In addition, the increase in heart rate during isoproterenol infusion was significantly greater in patients with the FMV/MVP syndrome compared to controls [81] ( fig. 8 ). Hyperresponses to isoproterenol may be related to an increased sensitivity of β 1 -adrenergic receptors. High adrenergic activity is usually associated with lower serum potassium, which may contribute to fatigue and arrhythmias [82, 83] . Figure 9 shows the pathophysiologic mechanisms related to the FMV/MVP syndrome schematically.
General Principles of Management Careful explanation of clinical findings to patients along with current knowledge related to possible mechanisms of symptoms will provide a foundation for longterm management. Importantly, patients with the FMV/ MVP syndrome should be protected from unnecessary surgery if they do not have severe mitral regurgitation. There are no studies related to the prognosis in patients with the FMV/MVP syndrome; however, symptoms may persist for years and in certain cases may continue to be present after valve surgery. Prognosis as far as life expectancy appears to be quite good. Patients with the FMV/ MVP syndrome seem to be sensitive to volume depletion and postural changes. They should be advised to avoid or discontinue chronic diuretic therapy. Fluid intake before, during and after exercise could be beneficial especially in patients with low intravascular volume. An important measure is to avoid catecholamine and cyclic AMP stimulants by abstaining from caffeine, cigarettes, alcohol and over-the-counter drugs containing epinephrine or ephedrine. Low doses of β-blockers over a short period of time during stressful periods may be beneficial. Studies suggest that aerobic exercise may give good results in certain patients. At present, there is insufficient information for the use of Procoralan in case of orthostatic tachycardia in patients with the FMV/MVP syndrome [2, 75] .
Individual Patient Analysis
Individual patient analysis in a heterogeneous group of patients with FMV/MVP or the FMV/MVP syndrome presents a logical approach to the diagnostic and therapeutic process. Emphasis should be placed on the individual patient profile. Diagnostic and therapeutic methods vary and depend on the physician's experience, facilities available and technology. Facilities vary from one institution to another and definitely will change in the years to come. Specific definition of the anatomic lesions, physiologic state, pathophysiologic abnormalities and eventually genetic testing in the future should be a standard approach [2] .
